Manometers used for tissue respiration experiments may be calibrated: (i) by introducing known volumes of gas from a pipette (Munzer & Neumann, 1917) , (ii) by filling the apparatus with mercury, determining the volume of the several parts, and calculating the constant from the appropriate formula, (iii) by carrying out a chemical reaction in the apparatus which results in the absorption or evolution of a known amount of gas.
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The number of reactions suitable for the chemical calibration of manometric apparatus is small, and, -so far as the author is aware, no direct comparisons between the results of chemical and physical calibration have been made on an extensive scale. Of the reactions available for chemical calibration, the absorption of oxygen by ferrous hydroxide in alkaline solution, proposed by Harrison (1933) , seems particularly well suited to the purpose, since the reagents, unlike those required for some of the methods, are in common use in the laboratory and the iron solutions may readily be standardized with permanganate or dichromate. It has the further advantage of reproducing the conditions under which the manometers are to be used, since the gas exchange measured is an uptake of oxygen. Gibson (1943) used the method of Harrison (1933) for calibrating Barcroft manometers at 170 with good agreement between the chemical and physical methods, and when it became necessary to calibrate a number of similar manometers for use at 370 the method was again employed. It was now found that there was a systematic difference between the results given by the chemical method and the physical method of Dixon (1943) . In the present paper it is shown that changes in vapour pressure on mixing the solutions used were responsible for this difference and that such changes in vapour pressure may be a source of appreciable error in accurate manometric work, for example in calibration or in the liberation of C02 by the addition of strong acid in an R.Q. determination.
METHODS
Apparatu8. The manometers used were of the standard Barcroft type with flasks of about 35 ml. capacity. They were shaken at a rate of 120 complete oscillations/mmi. through a stroke of 2 in. The specific gravity of the manometric fluid was 0-8. All apparatus used was calibrated under working conditions.
Reage&t8. The iron solutions were prepared by dissolving 4*64-8 g. FeSO4. 7H20 in 50 ml. 0-2N-H2SO4 and diluting to 500 ml. with water. The solutions were standardized at the time of use by titrating portions of 50 ml. with 01 NKMnO4. The permanganate was filtered through a sintered glass funnel and standardized against dried and powdered sodium oxalate (A.R.). The standardization of the iron and of the permanganate was repeated daily in triplicate.
Method. 2 ml. iron solution were delivered into the main chamber of the manometric flasks, using a microburette, and 0-2 ml. 2-5N-NaOH (approx.) measured into Keilin tubes which were suspended from the centre well of the manometric flasks. The flasks were then attached to the manometers and worked firmly on to the ground joints.
Thirty minutes at 370 was allowed for temperature equilibration. The taps were closed and an initial reading taken. The Keilin tubes were then displaced and the manometers shaken for a further period of 30 min. At the end of this time the final reading was taken.
RESULTS
Control values. In each experiment two manometers were set up with water in place of the iron solution. It was found that these control manometers showed an apparent absorption of some 10-12 ,u. of gas on mixing the alkali with the water. It seemed that this effect might be due to lowering of the vapour pressure of the solution in the main compartment of the manometer by the alkali. To test this, experiments were carried out in which various amounts of alkali were added to various amounts of water; in other experiments the alkali and the water were replaced by strong salt solutions. The 'absorption of gas' (Table 1) did not depend on the absolute amount of NaOH used, but on the relative proportions of alkali and water, increasing as the proportion of water was diminished. The effect does not depend on any specific action of the alkali, as similar results were obtained with strong solutions of NaBr. Further, the effect is vanishingly small if NaOH is added to NaBr solution. These results agree with the suggestion that the changes in pressure observed in the control manometers are due to changes in vapour pressure of the solutions. The changes in pressure are somewhat less than the theoretical values, probably because (a) the addition of salts drives some gas out of physical solution, (b) the-strong salt solutions are present in open Keilin tubes, so that the contents of the manometers are not in true equilibrium, and distillation is occurring from the main compartment to the Keilin tube. The initial level of the pressure inside the manometer is thus somewhat less than that corresponding to the true vapour pressure of the solution in the flask, and so is not decreased by the full theoretical amount on mixing the solutions inthe Keilin tube and flask.
Correction of iron calibration results. A series of ten calibration experiments was carried out with each often manometers, and the constants compared with the values obtained by calibration with mercury (Dixon, 1943) . It was found that after taking into account the lowering of vapour pressure due to the addition of the alkali the numerical values of the constants found by iron calibration were some 2 % higher than those given by the mercury method. It seemed possible that the small systematic error remaining might be explained by the change of vapour pressure occurring when the iron was precipitated out of solution by the alkali at the beginning of the experiment. A rise in vapour pressure would result, and this would decrease the reading shown by the manometer for a given amount of oxygen. With the reagents used the reactions taking place were: FeSO4 + 2NaOH = Fe(OH)2 + Na2SO4, and H2S04 + 2NaOH = 2H20 + Na2SO4 -In order to calculate the change in vapour pressure resulting from these reactions, the change in the freezing-point of the solution was computed, using the values for the salts concerned at the concentrations actually present (International Critical Tables, 1933) . The precipitation of M/30-FeSO4 results in a rise in freezing-point of 0-096°, while the exchange of M/15-NaOH for M/30-Na2SO4 raises the freezingpoint by a further 0.0690. In the neutralization of the H2SO4 in which the FeSO4 is dissolved, 00O1M-H2SO4 and 0-02M-NaOH are exchanged for 0-O1M-Na2SO4: the corresponding change in freezing-point is an increase of 0.0640. Summing the changes in freezing-point, and neglecting changes in the concentration ofwater, the effect ofwhich is vanishingly small, it is found that the net change in freezingpoint is an increase of 0.2290. Taking In order to check these calculations, measurements were made of the freezing-points of an iron solution of the composition specified (-0.1440), of 0-2N-NaOH (-0.6840), and of a solution containing both iron and NaOH (-0.6060). The depression of the freezing-point which would be expected for the solution containing both iron and NaOH is 0*684 + 0-144 = 0-828 if iron were not precipitated, while the depression actually observed was 0.6060, a difference of 0.2220 which is close to the calculated value of 0.2290. Experiments were also carried out in which Mg(OH)2 was precipitated by alkali from its sulphate, and the change in vapour pressure measured. MgSO4 was chosen because it is a sulphate of the same type as FeSO4, and with it the effects of the vapour pressure change would not be obscured by the absorption of oxygen by the hydroxide precipitated. The addition of the alkali to 2 ml. water produced a decrease in pressure of 11-8 mm., the addition of the same amount of alkali to the MgSO4 solution gave an increase in pressure of 2-8 mm. manometric fluid. The net effect of the precipitation of the MgSO4 was thus to convert a negative reading to a positive one and to produce a net increase in vapour pressure equivalent to 14-6 mm. manometric fluid.
It would appear to be justifiable, therefore, to correct the observed values of the constants to allow for this vapour pressure effect, and the corrected values found in the ten experiments are shown in Table 2 . The residual systematic difference between the chemical and physical methods is not greater than°%, while the values in individual determinations do not differ by more than 2 % from the mean. The following figures illustrate the method of applying the corrections. At 30 min. the manometric readings were: control manometer, -3.3 mm.; manometer no. 9, -136-8 mm. The net manometer reading was thus 133-5 mm. To this is added 1-8 mm., the correction for the increase of vapour pressure due to Fe precipitation and neutralization of acid, giving 135-3 mm. 2 0 ml. of 0-0347N-FeSO4 was used, corresponding to an oxygen uptake of 389 lI. The constant of the manometer is 389 + 135 3 = 2 87.
The results showing the influence of vapour pressure changes on the manometric readings suggest that this factor may occasionally be of appreciable importance in accurate work, and should be taken into account whenever strong solutions of reagents are added to a manometric flask in the course of an experiment. The effects will, however, be much reduced at room temperature, which probably explains why Gibson (1943) found agreement between the ferrous hydroxide and physical methods.
With regard to the relative merits of the two methods of calibration, while there can be no doubt that the formula of Dixon (1943) gives highly satisfactory results, the chemical method has the advantage of testing the manometers under actual working conditions. If the physical method alone is used, defects, e.g. a badly ground tap, may not be suspected until considerable time and effort have been wasted. Moreover, with the chemical method, the constants may be checked at any time without dismantling and drying the whole apparatus. SUMMARY 1. Under certain circumstances, vapour pressure changes may interfere with accurate measurements in micro-respirometers.
2. A method for the chemical calibration of manometers is described, depending on the absorption of oxygen by ferrous iLron in alkaline solution, a reaction proposed by Harrison (1933) .
3. The chemical method has been found to agree with the results of calibration by the physical method of Dixon (1943) .
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